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1
METHODS OF ATTACHING ROLLING
CUTTERS IN FIXED CUTTER BITS USING
SLEEVE, COMPRESSION SPRING, AND/OR
PIN(S)/BALL(S)

CROSS-REFERENCE TO RELATED
APPLICATIONS

This Application claims the benefit of U.S. Provisional
Application No. 61/479,151 filed on Apr. 26, 2011, and U.S.
Provisional Application No. 61/556,454 filed on Nov. 7,
2011, which are herein incorporated by reference in their
entirety.

BACKGROUND

Drill bits used to drill wellbores through earth formations
generally are made within one of two broad categories of bit
structures. Depending on the application/formation to be
drilled, the appropriate type of drill bit may be selected based
on the cutting action type for the bit and its appropriateness
for use in the particular formation. Drill bits in the first cat-
egory are generally known as “roller cone” bits, which
include a bit body having one or more roller cones rotatably
mounted to the bit body. The bit body is typically formed from
steel or another high strength material. The roller cones are
also typically formed from steel or other high strength mate-
rial and include a plurality of cutting elements disposed at
selected positions about the cones. The cutting elements may
be formed from the same base material as is the cone. These
bits are typically referred to as “milled tooth” bits. Other
roller cone bits include “insert” cutting elements that are
press (interference) fit into holes formed and/or machined
into the roller cones. The inserts may be formed from, for
example, tungsten carbide, natural or synthetic diamond,
boron nitride, or any one or combination of hard or superhard
materials.

Drill bits of the second category are typically referred to as
“fixed cutter” or “drag” bits. Drag bits, include bits that have
cutting elements attached to the bit body, which may be a steel
bit body or a matrix bit body formed from a matrix material
such as tungsten carbide surrounded by a binder material.
Drag bits may generally be defined as bits that have no mov-
ing parts. However, there are different types and methods of
forming drag bits that are known in the art. For example, drag
bits having abrasive material, such as diamond, impregnated
into the surface of the material which forms the bit body are
commonly referred to as “impreg” bits. Drag bits having
cutting elements made of an ultra hard cutting surface layer or
“table” (typically made of polycrystalline diamond material
or polycrystalline boron nitride material) deposited onto or
otherwise bonded to a substrate are known in the art as poly-
crystalline diamond compact (“PDC”) bits.

PDC bits drill soft formations easily, but they are fre-
quently used to drill moderately hard or abrasive formations.
They cut rock formations with a shearing action using small
cutters that do not penetrate deeply into the formation.
Because the penetration depth is shallow, high rates of pen-
etration are achieved through relatively high bit rotational
velocities.

PDC cutters have been used in industrial applications
including rock drilling and metal machining for many years.
In PDC bits, PDC cutters are received within cutter pockets,
which are formed within blades extending from a bit body,
and are typically bonded to the blades by brazing to the inner
surfaces of the cutter pockets. The PDC cutters are positioned
alongthe leading edges of the bit body blades so that as the bit
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body is rotated, the PDC cutters engage and drill the earth
formation. In use, high forces may be exerted on the PDC
cutters, particularly in the forward-to-rear direction. Addi-
tionally, the bit and the PDC cutters may be subjected to
substantial abrasive forces. In some instances, impact, vibra-
tion, and erosive forces have caused drill bit failure due to loss
of one or more cutters, or due to breakage of the blades.

In a typical PDC cutter, a compact of polycrystalline dia-
mond (“PCD”) (or other superhard material, such as poly-
crystalline cubic boron nitride) is bonded to a substrate mate-
rial, which is typically a sintered metal-carbide to form a
cutting structure. PCD comprises a polycrystalline mass of
diamond grains or crystals that are bonded together to form an
integral, tough, high-strength mass or lattice. The resulting
PCD structure produces enhanced properties of wear resis-
tance and hardness, making PCD materials extremely useful
in aggressive wear and cutting applications where high levels
of wear resistance and hardness are desired.

An example of a prior art PDC bit having a plurality of
cutters with ultra hard working surfaces is shown in FIGS. 1A
and 1B. The drill bit 100 includes a bit body 110 having a
threaded upper pin end 111 and a cutting end 115. The cutting
end 115 typically includes a plurality of ribs or blades 120
arranged about the rotational axis L. (also referred to as the
longitudinal or central axis) of the drill bit and extending
radially outward from the bit body 110. Cutting elements, or
cutters, 150 are embedded in the blades 120 at predetermined
angular orientations and radial locations relative to a working
surface and with a desired back rake angle and side rake angle
against a formation to be drilled.

A plurality of orifices 116 are positioned on the bit body
110 in the areas between the blades 120, which may be
referred to as “gaps” or “fluid courses.” The orifices 116 are
commonly adapted to accept nozzles. The orifices 116 allow
drilling fluid to be discharged through the bit in selected
directions and at selected rates of flow between the blades 120
for lubricating and cooling the drill bit 100, the blades 120
and the cutters 150. The drilling fluid also cleans and removes
the cuttings as the drill bit 100 rotates and penetrates the
geological formation. Without proper flow characteristics,
insufficient cooling of the cutters 150 may result in cutter
failure during drilling operations. The fluid courses are posi-
tioned to provide additional flow channels for drilling fluid
and to provide a passage for formation cuttings to travel past
the drill bit 100 toward the surface of a wellbore (not shown).

Referring to FIG. 1B, a top view of a prior art PDC bit is
shown. The cutting face 118 of the bit shown includes a
plurality of blades 120, wherein each blade has a leading side
122 facing the direction of bit rotation, a trailing side 124
(opposite from the leading side), and a top side 126. Each
blade includes a plurality of cutting elements or cutters gen-
erally disposed radially from the center of cutting face 118 to
generally form rows. Certain cutters, although at differing
axial positions, may occupy radial positions that are in similar
radial position to other cutters on other blades.

A significant factor in determining the longevity of PDC
cutters is the exposure of the cutter to heat. Exposure to heat
can cause thermal damage to the diamond table and eventu-
ally result in the formation of cracks (due to differences in
thermal expansion coefficients) which can lead to spalling of
the polycrystalline diamond layer, delamination between the
polycrystalline diamond and substrate, and conversion of the
diamond back into graphite causing rapid abrasive wear. The
thermal operating range of conventional PDC cutters is typi-
cally 700-750° C. or less.

As mentioned, conventional polycrystalline diamond is
stable at temperatures of up to 700-750° C. in air, above which
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observed increases in temperature may result in permanent
damage to and structural failure of polycrystalline diamond.
This deterioration in polycrystalline diamond is due to the
significant difference in the coefficient of thermal expansion
of'the binder material, cobalt, as compared to diamond. Upon
heating of polycrystalline diamond, the cobalt and the dia-
mond lattice will expand at different rates, which may cause
cracks to form in the diamond lattice structure and result in
deterioration of the polycrystalline diamond. Damage may
also be due to graphite formation at diamond-diamond necks
leading to loss of microstructural integrity and strength loss,
at extremely high temperatures.

In convention drag bits, PDC cutters are fixed onto the
surface of the bit such that a common cutting surface contacts
the formation during drilling. Over time and/or when drilling
certain hard but not necessarily highly abrasive rock forma-
tions, the edge of the working surface on a cutting element
that constantly contacts the formation begins to wear down,
forming a local wear flat, or an area worn disproportionately
to the remainder of the cutting element. Local wear flats may
result in longer drilling times due to a reduced ability of the
drill bitto effectively penetrate the work material and a loss of
rate of penetration caused by dulling of edge of the cutting
element. That is, the worn PDC cutter acts as a friction bear-
ing surface that generates heat, which accelerates the wear of
the PDC cutter and slows the penetration rate of the drill. Such
flat surfaces effectively stop or severely reduce the rate of
formation cutting because the conventional PDC cutters are
not able to adequately engage and efficiently remove the
formation material from the area of contact. Additionally, the
cutters are typically under constant thermal and mechanical
load. As a result, heat builds up along the cutting surface, and
results in cutting element fracture. When a cutting element
breaks, the drilling operation may sustain a loss of rate of
penetration, and additional damage to other cutting elements,
should the broken cutting element contact a second cutting
element.

Additionally, the generation of heat at the cutter contact
point, specifically at the exposed part of the PDC layer caused
by friction between the PCD and the work material, causes
thermal damage to the PCD in the form of cracks which lead
to spalling of the polycrystalline diamond layer, delamination
between the polycrystalline diamond and substrate, and back
conversion of the diamond to graphite causing rapid abrasive
wear. The thermal operating range of conventional PDC cut-
ters is typically 750° C. or less.

Accordingly, there exists a continuing need for develop-
ments in improving the life of cutting elements.

SUMMARY

In one aspect, embodiments of the present disclosure relate
to a cutting element having a sleeve with a first inner diameter,
and a second inner diameter, wherein the second inner diam-
eter is larger than the first inner diameter and located at a
lower axial position than the first inner diameter, a rotatable
cutting element having an axis of rotation extending there-
through, the rotatable cutting element at least partially dis-
posed within the sleeve, wherein the rotatable cutting element
has a cutting face and a body extending axially downward
from the cutting face, at least one hole extending from an
outer surface of the body toward the axis of rotation, and a
locking device disposed in each hole, wherein the locking
device protrudes from the hole to contact the second inner
diameter of the sleeve, thereby retaining the rotatable cutting
element within the sleeve.
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In another aspect, embodiments of the present disclosure
relate to a method of forming a drill bit that includes provid-
ing a drill bithaving a bit body, a plurality of blades extending
from the bit body, and a plurality of cutter pockets disposed in
the plurality of blades, attaching a sleeve to at least one cutter
pocket, the sleeve comprising a first inner diameter and a
second inner diameter, wherein the second inner diameter is
larger than the first inner diameter and is located at a lower
axial position than the first inner diameter, inserting a rotat-
able cutting element having an axis of rotation extending
therethrough into the sleeve, the rotatable cutting element
comprising a cutting face and a body extending axially down-
ward from the cutting face, at least one hole extending from
an outer surface of the body toward the axis of rotation, and a
locking device disposed in each hole, wherein the locking
device protrudes from the hole to contact the second inner
diameter of the sleeve, thereby retaining the rotatable cutting
element within the sleeve.

In another aspect, embodiments disclosed herein relate to a
cutting element having a sleeve comprising an inner radius of
a lesser value at an upper region of the sleeve than at a lower
region of the sleeve, arotatable cutting element having an axis
of rotation extending therethrough, the rotatable cutting ele-
ment at least partially disposed within the sleeve, wherein the
rotatable cutting element has a diamond cutting face adjacent
the uppermost portion of the sleeve, wherein at least a portion
of the rotatable cutting element has an outer radius greater
than the inner radius of the upper region of the sleeve, and
wherein the portion of the rotatable cutting element is at a
lower longitudinal position than the inner radius.

In yet another aspect, embodiments disclosed herein relate
to a cutting element having an inner support member with a
longitudinal axis extending therethrough, at least one hole
extending from an outer surface of the inner support member
toward the longitudinal axis, and a locking device disposed in
each hole, a rotatable sleeve cutting element rotatably
mounted to the inner support member, the rotatable sleeve
cutting element having a cutting face adjacent the uppermost
portion of the rotatable sleeve cutting element and a circum-
ferential groove formed within an inner surface of the rotat-
able sleeve cutting element, wherein the locking device pro-
trudes from the hole to contact the circumferential groove,
thereby retaining the rotatable sleeve cutting element to the
inner support member.

Other aspects and advantages of the disclosure will be
apparent from the following description and the appended
claims.

BRIEF DESCRIPTION OF DRAWINGS

FIGS. 1A and 1B show a side and top view of a conven-
tional drag bit.

FIGS. 2A and 2B show perspective views of a rotatable
cutting element of the present disclosure.

FIGS. 3A and 3B show cross-sectional views of rotatable
cutting elements according to embodiments of the present
disclosure.

FIGS. 4A and 4B show a perspective view and a cross-
sectional view of rotatable cutting elements according to
embodiments of the present disclosure.

FIGS. SA-D show cross-sectional views of rotatable cut-
ting elements according to other embodiments of the present
disclosure.

FIGS. 6A and 6B show cross-sectional views of rotatable
cutting elements according to other embodiments of the
present disclosure.
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FIGS. 7A-C show perspective views of rotatable cutting
elements according to embodiments of the present disclosure.

FIGS. 8A and 8B show cross-sectional views of rotatable
cutting elements according to yet other embodiments of the
present disclosure.

FIGS. 9A-C show cross-sectional views of rotatable cut-
ting elements according to some embodiments of the present
disclosure.

FIGS. 10A-D show cross-sectional views and perspective
views of rotatable cutting elements according to embodi-
ments of the present disclosure.

FIG. 11 shows a cross-sectional view of a rotatable cutting
element according to embodiments of the present disclosure.

DETAILED DESCRIPTION

Embodiments disclosed herein relate generally to rotatable
cutting elements and methods of retaining such rotatable
cutting elements on a drill bit or other cutting tools. In par-
ticular, rotatable cutting elements of the present disclosure
may be retained on fixed cutter drill bits using an adjustable
locking device and/or a sleeve having multiple radii. Advan-
tageously, adjustable locking devices and the sleeves
described herein allow a rotatable cutting element to rotate as
the rotatable cutting element contacts the formation to be
drilled, while at the same time retaining the rotatable cutting
element on the drill bit.

FIGS. 2A and 2B show an exemplary embodiment of a
rotatable cutting element assembly according to the present
disclosure. As shown in FIG. 2A, a rotatable cutting element
200 has an axis of rotation A extending longitudinally through
the rotatable cutting element 200, a cutting face 210, and a
body 220 extending axially downward from the cutting face
210. The body 220 has an outer surface 222 and at least one
hole 224 extending from the outer surface 222 of the body 220
toward the axis of rotation A. A cutting edge 218 is formed at
the intersection of the cutting face 210 and the outer surface
222 of the rotatable cutting element 200.

As shown in FIG. 2B, the body 220 of the rotatable cutting
element 200 may be disposed in a sleeve 230 to form a cutter
assembly 202, wherein the sleeve 230 has an inner surface
231, an outer surface 232, and multiple inner radii (not
shown). A locking device 240 (effectively increasing the
diameter of a portion of the rotatable cutting element 200) is
disposed in the at least one hole 224, wherein the locking
device 240 may protrude from the hole 224 to contact the
inner surface 231 of the sleeve 230 to retain the rotatable
cutting element 200 in the sleeve 230. Locking devices of the
present disclosure may be made of carbides, steels, ceramics,
and/or hardened tool steel, for example.

FIGS. 3A and 3B show cross-sectional views of exemplary
embodiments of adjustable locking devices 340 retaining a
rotatable cutting element 300 within a sleeve 330 to form a
cutter assembly 302. The sleeve 330 has an outer surface 332,
an inner surface 331, and multiple inner radii, including an
inner radius R of a lesser value at an upper region 338 of the
sleeve than an inner radius R, at a lower region 339 of the
sleeve, wherein the inner surface radii are measured from the
axis of rotation A of the rotatable cutting element 300. The
locking device 340 protrudes from the hole 324 to contact the
inner surface 331 of the sleeve 330 at the larger inner radius
R,, wherein the smaller inner radius R, prevents the locking
device 340 from moving out of the sleeve 330, thus retaining
the rotatable cutting element 300 within the sleeve 330. The
locking device 340 may be adjustable or non-adjustable. For
example, as shown in FIGS. 3A and 3B, an adjustable locking
device 340 may include a spring 342 and pins 344 on both
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sides of the spring 342 or a spring 342 and balls 345 on both
sides of the spring 342. The spring 342 provides adjustability,
for example compressibility, such that the balls 345 or pins
344 may compress within the sleeve 330 through the upper
region 338 having smaller inner radius R, and expand to
contact the inner surface 331 at the lower region 339 with
larger inner radius R, and lock the rotatable cutting element
300 within the sleeve 330. The spring 342 and balls 345 may
be formed as one piece or as separate pieces. Likewise, the
spring 342 and pins 344 may be formed as one piece or as
separate pieces.

FIGS. 4A and 4B show a perspective view and cross-
sectional view of another embodiment of a rotatable cutting
element 400 attached to a sleeve 430 using a locking device
440. The rotatable cutting element 400 has an axis of rotation
A extending therethrough, a cutting face 410, and a body 420
extending axially downward from the cutting face 410. At
least one hole 424 extends from an outer surface 422 of the
body 420 toward the axis of rotation A. The rotatable cutting
element may be at least partially disposed within a sleeve 430.
The sleeve 430 has an outer surface 432, an inner surface 431,
and multiple inner radii, including an inner radius R, of a
lesser value at an upper region 438 of the sleeve than an inner
radius R, atalower region 439 of the sleeve, wherein the inner
surface radii are measured from the axis of rotation A of the
rotatable cutting element 400.

The rotatable cutting element 400 may be inserted into a
sleeve 430 such that the at least one hole 424 is aligned with
a sleeve opening 435. A locking device 440 may be inserted
through the sleeve opening 435 and into the hole 424. The
locking device 440 protrudes from the rotatable cutting ele-
ment 400 to contact the inner surface 431 of the sleeve 430 as
the rotatable cutting element 400 rotates within the sleeve
430. The locking device 440 may be adjustable or non-ad-
justable. For example, the locking device 440 may be a coiled
pin, wherein the pin material may be coiled to have a smaller
diameter than the sleeve opening 435 to fit through the sleeve
opening 435. Once a compressed coiled pin is inserted
through the sleeve opening 435, the coiled pin may partially
uncoil to expand to fit within the diameter of the at least one
hole 424. Alternatively, the locking device 440 may be a solid
pin.

A sleeve according to the present disclosure may be dis-
posed in a cutter pocket of a bit blade such that a sleeve
opening is exposed at the top of the blade so that a locking
device may be inserted, accessed, and/or removed without
removing the entire sleeve from the bit blade. In embodiments
of'sleeves without access openings, a sleeve may be removed
and the rotatable cutting element accessed through the back
of'the sleeve. Further, in other embodiments discussed below,
a sleeve may have a diamond table at the upper region of the
sleeve to form a rotatable sleeve cutting element, while an
inner support member is secured to a cutting tool to support
the rotatable sleeve cutting element.

According to embodiments of the present disclosure, the at
least one hole in a rotatable cutting element may be a blind
hole (a hole extending partially through the rotatable cutting
element, from an outer surface) or a through hole (a hole
extending completely through the rotatable cutting element,
from an outer surface of the rotatable cutting element to the
opposite surface). For example, as shown in FIGS. 3A-4B, a
hole 324, 424 may extend completely through a rotatable
cutting element 300, 400, thus forming a through hole. In
other exemplary embodiments, as shown in FIGS. 5A-5D, a
hole 524 may extend partially into a rotatable cutting element
500, thus forming a blind hole. In embodiments having at
least one blind hole 524 formed in a rotatable cutting element,
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as shown in FIGS. 5A-D, a locking device 540 may be
inserted into each hole 524, wherein the locking device may
be adjustable or non-adjustable. For example, a locking
device 540 may include a spring 542 and a ball 545 (shown in
FIG.5A), a spring and a pin 544 (shown in FIGS. 5B and 5C),
or a coiled pin 543 (shown in FIG. 5D), to form an adjustable
locking device. In other embodiments, the locking device
may be non-adjustable.

Further, locking devices of the present disclosure may be
inserted into a blind hole formed in a rotatable cutting element
while the rotatable cutting element is disposed within a
sleeve, or locking devices may be inserted into a blind hole
before the rotatable cutting element is disposed within a
sleeve. Referring to FIG. 5D, a rotatable cutting element 500
may be inserted within a sleeve 530 such that at least one hole
524 aligns with a sleeve opening 535. A locking device 540
may then be inserted through the sleeve opening 535 and into
the hole 524 within the rotatable cutting element 500. Fur-
thermore, in FIG. 5D, the sleeve opening 535 diameter may
be bigger than the locking device diameter so that the locking
device 540 may fit through the sleeve opening. Alternatively,
in embodiments having a coiled pin locking device, the coiled
pin may be coiled tightly to fit within the sleeve opening
diameter, and once the coiled pin is fit through the sleeve
opening diameter, the coiled pin diameter may expand to fit
the diameter of the hole in the rotatable cutting element and to
prevent the coiled pin from falling out of the sleeve opening.
While the sleeve opening in FIG. 5D provides a way to insert
a locking device into the rotatable cutting element after the
rotatable cutting element has been disposed within the sleeve,
a sleeve opening may also or alternatively provide an access
point for removing a locking device without removing the
rotatable cutting element. For example, as shown in FIG. 5C,
a locking device having a pin 544 and a spring 542 may be
inserted within a blind hole 524 formed in the rotatable cut-
ting element 500, and the assembly may then be inserted
within a sleeve 530. The sleeve opening 535 may provide an
access point to the locking device, wherein the pin 544 may be
pressed by a tool inserted through the sleeve opening 535, so
that the rotatable cutting element 500 and locking device may
be pulled out of the sleeve 530 while the sleeve is still attached
to the bit.

As shownin FIGS. 5A and 5B, a locking device 540 may be
first inserted into a hole 524 within the rotatable cutting
element 500. The rotatable cutting element 500 and locking
device 540 may then be inserted within the sleeve 530 either
from anupper region 538 of the sleeve or from a lower region
539 of'the sleeve. As used herein, an upper region and a lower
region of a sleeve may refer to relative positions of the sleeve,
wherein the lower region is at a lower axial position than the
upper region. As shown in FIGS. 5A and 5B, the radius of a
cutting face 510 may be larger than each of the multiple inner
surface radii of the sleeve 530, or at least larger than the first
diameter at the upper axial position. In such embodiments,
the rotatable cutting element 500 and locking device 540 may
be inserted within the sleeve 530 from the upper region 538 of
the sleeve, wherein the locking device 540 may be adjustable
to compress through the inner surface 531 of the sleeve 530.
Inthe embodiments illustrated in FIGS. 5C and 5D, the radius
of'the cutting face 510 is also larger than the first diameter at
the upper axial position, and so the rotatable cutting element
500 is inserted within the sleeve 530 from the upper region
538 of the sleeve, wherein the locking device 540 is subse-
quently inserted through the sleeve opening 535 to retain
rotatable cutting element 500 within the sleeve 530.

Although the embodiments shown in FIGS. 5A-D show
one hole and corresponding locking device in a rotatable
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cutting element, more than one hole may be formed in a
rotatable cutting element and locking device disposed within
each hole. For example, FIGS. 10A-B show cross-sectional
views and FIGS. 10C-D show perspective views of arotatable
cutting element 1000 having more than one hole 1024 formed
therein, wherein the rotatable cutting element is disposed
within a sleeve 1030. A locking device 1040 may be disposed
within each hole 1024, wherein the locking device may be
adjustable or non-adjustable. As shown in FIG. 10A, each
locking device 1040 may include a pin 1044 and a spring
1042. As shown in FIG. 10B, each locking device 1040 may
include a ball 1045 and a spring 1042. However, other
embodiments may include locking devices having other
shapes or sizes, wherein the locking device may protrude
from the rotatable cutting element to contact the inner surface
of'a sleeve and retain the rotatable cutting element within the
sleeve.

Furthermore, locking devices of the present disclosure may
include springs with varying values of compressibility. For
example, a spring forming part of a locking device may have
a spring constant ranging from 1 Ib/in to 50 1b/in. In other
embodiments, a spring in a locking device may have a spring
constant ranging from 3 Ib/in to 20 1b/in.

According to other embodiments of the present disclosure,
the cutting face of a rotatable cutting element may have a
radius that may fit through the inner surface radii of a sleeve.
For example, referring to FIGS. 6 A and 6B, a cutting face 610
of'a rotatable cutting element 600 may have a radius substan-
tially equal to the smallest radius of a sleeve inner surface
631, so that the rotatable cutting element may fit through the
sleeve 630. As used herein, a substantially equal radius
includes a sufficient gap to allow the rotatable cutting element
600 to rotate within sleeve 630, which may range, for
example, from about 0.003 to 0.030 inches. A locking device,
such as a spring 642 and pin 644 (shown in FIG. 6A) or a
non-adjustable pin 643 (shown in FIG. 6B) may be inserted
into a hole 642 formed in the body of a rotatable cutting
element 600, wherein the locking device 640 protrudes from
the body of the rotatable cutting element 600. The locking
device and rotatable cutting element 600 may then be inserted
into the sleeve 630 from the lower region 639 of the sleeve
towards the upper region 638 of the sleeve. Alternatively, in
some embodiments having an adjustable locking device (such
as shown in FIG. 6A), the adjustable locking device may be
depressed into the hole formed in the body of the rotatable
cutting element as the rotatable cutting element is inserted
into the sleeve from the upper region of the sleeve to the lower
region. As shown, the inner surface 631 of the sleeves 630 in
FIGS. 6A and 6B have multiple radii, including an inner
radius R, ofalesser value at an upper region 638 of the sleeve
than an inner radius R, at a lower region 639 of the sleeve,
wherein the inner surface radii are measured from the axis of
rotation A of the rotatable cutting element 600. Upon insert-
ing the rotatable cutting element 600 and protruding locking
device into the lower region 639 of the sleeve, the locking
device 640 may protrude from the rotatable cutting element
600 a distance to rotatably contact the inner radius R, of the
sleeve 630, and prevent the rotatable cutting element 600
from sliding out of the upper region 638 of the sleeve. In
particular, while the locking device may protrude to contact a
larger inner radius in the lower region of the sleeve, the
locking device may be too large to fit through a smaller inner
radius in the upper region of the sleeve, thereby retaining the
rotatable cutting element within the sleeve. It is also envi-
sioned that any of the locking devices of the present disclo-
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sure need not be so large to contact the larger inner radius, so
long as it is larger than the smaller inner radius in the upper
region of the sleeve.

FIGS. 7A-C show a perspective view of the embodiments
shown in FIGS. 6A and 6B. In particular, a rotatable cutting
element 700 may be disposed within a sleeve 730, wherein the
radius of the cutting face 710 of the rotatable cutting element
700 is slightly smaller than the inner surface radii of the sleeve
730, such that the rotatable cutting element 700 may fit
through the sleeve 730. As shown, the outer surface 722 of the
rotatable cutting element 700 and the cutting face 710 may
intersect to form a cutting edge 718. In embodiments having
a rotatable cutting element 700 with a cutting face 710 radius
that is smaller than the radius of the outer surface 732 of the
sleeve 730, the sleeve 730 may have a chamfer 733, which
may be positioned at the top side of a blade so that the cutting
edge may contact and cut the formation surface when
installed on a bit or other cutting tool.

The cutting face 710 may be formed of diamond or other
ultra-hard material. Further, once a rotatable cutting element
700 is disposed within a sleeve 730, a diamond or ultrahard
material cutting surface may be adjacent to an upper region of
the sleeve, and assembly may be disposed on a blade so that
the cutting surface contacts and cuts a working surface. For
example, a diamond cutting face may extend a thickness of
about 0.06 inches to about 0.15 inches to form a diamond
cutting table. In other embodiments, a rotatable cutting ele-
ment may have a diamond or other ultrahard material table
having a thickness ranging from about 0.05 to 0.15 inches.

As described above, rotatable cutting elements of the
present disclosure may be assembled with locking devices
and the assembly inserted into a sleeve, or rotatable cutting
elements may be inserted into a sleeve and the at least one
locking device added after inserting the rotatable cutting ele-
ment into the sleeve. Further, a rotatable cutting element of
the present disclosure may be inserted into a sleeve from the
lower region of the sleeve or from the upper region of the
sleeve. However, a rotatable cutting element may be disposed
within a sleeve by other means. For example, according to
other embodiments of the present disclosure, a rotatable cut-
ting element may be inserted into a sleeve from both the lower
region of the sleeve and upper region of the sleeve. Referring
to FIG. 8A, a rotatable cutting element 800 may be screwed
into a rotatable base 802 disposed within a sleeve 830. As
shown, the rotatable base 802 may have a diameter that fits
within a larger diameter 836 of the sleeve inner surface 831,
but does not fit within a smaller diameter 834 of the sleeve
inner surface 831. Thus, the rotatable base 802 may be
inserted into the sleeve 830 through the larger lower region
839 of the sleeve, and the rotatable cutting element 800 may
be inserted through the upper region 838 of the sleeve and
screwed into the rotatable base 802. A hole 824 may be
formed in the rotatable base 802 and aligned with an access
hole 835 formed in the sleeve 830 so that a locking tool (not
shown) may be inserted through the access hole 835 and into
the rotatable base hole 824 to hold the rotatable base 802 as
the rotatable cutting element 800 is screwed into the rotatable
base 802. Once the rotatable cutting element 800 is screwed
into the rotatable base 802, the locking tool may be removed
from the access hole 835 and rotatable base hole 824, and both
the rotatable cutting element 800 and rotatable base 802 may
rotate within the sleeve 830. Rotatable base 802 may be
joined with rotatable cutting element 800 by mechanical
means (such as a thread) or by brazing or similar means to
collar lock the two pieces together.

Referring now to FIG. 8B, a rotatable cutting element 800
may be threaded to a rotatable base 802, wherein the rotatable
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cutting element 800 has a deformable region 803 and a
threaded region 804. In particular, the rotatable base 802 may
be placed inside a sleeve 830. The sleeve 830 may then be
brazed or otherwise attached to the bit body. The rotatable
cutting element 800 may then be inserted into the sleeve 830
by screwing the rotatable cutting element 800 into the rotat-
able base 802 having corresponding threads. The threaded
region 804 of the rotatable cutting element 800 may be
threaded into the rotatable base 802 so that the deformable
region 803 of the rotatable cutting element 800 may also be
threaded within the rotatable base 802. The threads in the
rotatable base 802 may bite into the deformable region 803
and thus prevent the rotatable cutting element from coming
out of the sleeve 830. The deformable region 803 may be
made of plastic, Teflon, or rubber, for example.

According to some embodiments, a rotatable cutting ele-
ment may be retained within a sleeve without the use of a
locking device. Exemplary embodiments of cutting elements
having a rotatable cutting element retained in a sleeve without
the use of a locking device are shown in FIGS. 9A-C, wherein
adiameter of a rotatable cutting element is larger at an axially
lower position than the diameter at an axially upper position.
As shown in FIGS. 9A-C, a cutting element may have a sleeve
930 with an inner radius R, ofa lesser value at an upper region
938 of the sleeve 930 than an inner radius R, at a lower region
939 of'the sleeve 930. A rotatable cutting element 900 having
an axis of rotation A extending therethrough may be at least
partially disposed within the sleeve 930. The rotatable cutting
element 900 has a diamond cutting face 910 adjacent the
uppermost portion of the sleeve 930, wherein at least a portion
of the rotatable cutting element 900 has an outer radius
greater than the inner radius R, of'the upper region 938 ofthe
sleeve, and wherein the portion of the rotatable cutting ele-
ment is at a lower longitudinal position than the inner radius
R,. As shown in FIG. 9A, the inner surface 931 of the sleeve
930 may have a continuously increasing radius extending
longitudinally from the upper region 938 to the lower region
939. As shown in FIG. 9B, the inner surface 931 of the sleeve
930 may have a constant inner radius at a portion of the sleeve
and at another portion, the sleeve 930 may have a continu-
ously increasing radius extending in a lower axial position. In
other embodiments, the sleeve 930 may have two or more
portions having constant inner radii. For example, as shown in
FIG. 9C, a sleeve 930 may have a first constant inner radius R
at an upper region 938, and a second constant inner radius R,
at a lower region 939, wherein the second constant inner
radius R, at the lower region is larger than the first constant
inner radius.

The cutting elements of the present disclosure may be
attached to a drill bit by attaching a sleeve to a bit cutter pocket
by methods known in the art, such as by brazing. In particular,
a drill bit has a bit body, a plurality of blades extending from
the bit body, wherein each blade has a leading face, a trailing
face, and a top side, and a plurality of cutter pockets disposed
in the plurality of blades. The cutter pockets may be formed in
the top side of a blade, at the leading face, so that the cutting
elements may contact and cut the working surface once dis-
posed in the cutter pockets. A sleeve of a cutting element
according to embodiments disclosed herein may be attached
to at least one cutter pocket with or without a rotatable cutting
element disposed therein. The sleeve may be attached to a bit
body using a brazing process known in the art. Alternatively,
in other embodiments of the present disclosure, a sleeve may
be infiltrated or cast directly into the bit body during an
infiltration or sintering process. The sleeve may have a first
inner diameter and a second inner diameter, wherein the
second inner diameter is larger than the first inner diameter.
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A rotatable cutting element (inserted within the sleeve
either before or after attachment to a cutter pocket), having an
axis of rotation extending therethrough, may have a cutting
face, a body extending downwardly from the cutting face, an
outer surface, and a cutting edge formed at the intersection of
the cutting face and the outer surface. Atleast one hole may be
formed in the rotatable cutting element body, extending from
an outer surface of the body toward the axis of rotation, and a
locking device may be disposed in each hole. The locking
device may protrude from the hole to contact the second inner
diameter of the sleeve, thereby retaining the rotatable cutting
element within the sleeve. Alternatively, the features of the
rotatable cutting elements disclosed herein may be used on a
cutting element that is mechanically attached to the sleeve
such that it does not rotate within the sleeve.

A sleeve of the present disclosure may further have an
access hole, or an opening, wherein a locking device may be
inserted into a hole within a rotatable cutting element through
the sleeve opening (such as in embodiments where the rotat-
able cutting element is inserted within the sleeve after the
sleeve is attached to a cutter pocket), and/or wherein a locking
device may be removed through the opening (e.g., to replace
the rotatable cutting element). In such embodiments, the
access hole, or opening, may be positioned facing the top side
of'ablade so that the locking device may be accessed without
removing the sleeve.

In some embodiments, a sleeve having a cutting face may
be rotatably mounted to an inner support member to form a
rotatable sleeve cutting element. For example, referring to
FIG. 11, a rotatable sleeve cutting element 1150 is rotatably
mounted to an inner support member 1160. The inner support
member 1160 has a longitudinal axis [. extending there-
through and at least one hole 1124 extending from an outer
surface 1161 of the inner support member 1160 toward the
longitudinal axis L. The rotatable sleeve cutting element 1150
has a cutting face 1110 adjacent the uppermost portion of the
rotatable sleeve cutting element. The cutting face may include
anultrahard material, for example, a diamond table. As shown
in FIG. 11, a circumferential groove 1155 is formed within an
inner surface 1131 of the rotatable sleeve cutting element
1150. A locking device 1140 is disposed in the hole 1124 of
the inner support member 1160, wherein the locking device
1140 protrudes from the hole 1124 to contact the circumfer-
ential groove 1155, thereby retaining the rotatable sleeve
cutting element 1150 to the inner support member 1160. As
described above, a locking device may include a spring and
ball assembly, or a spring and pin assembly, for example.
Further, embodiments having a rotatable sleeve cutting ele-
ment may have a portion of the inner support member
exposed at the cutting face, or alternatively, the cutting face of
the rotatable sleeve cutting element may cover the inner sup-
port member.

Further, rotatable cutting elements may be machined from
one piece, or may be made from more than one piece. For
example, in embodiments having a diamond cutting face, a
rotatable cutting element may be formed from a carbide sub-
strate and a diamond table formed on or attached to an upper
surface of the carbide substrate, such as by means known in
the art. Alternatively, rotatable cutting elements of the present
disclosure may be formed from more than one piece of the
same material.

Each of the embodiments described herein may have at
least one ultrahard material included therein. Such ultra hard
materials may include a conventional polycrystalline dia-
mond table (a table of interconnected diamond particles hav-
ing interstitial spaces therebetween in which a metal compo-
nent (such as a metal catalyst) may reside, a thermally stable
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diamond layer (i.e., having a thermal stability greater than
that of conventional polycrystalline diamond, 750° C.)
formed, for example, by removing substantially all metal
from the interstitial spaces between interconnected diamond
particles or from a diamond/silicon carbide composite, or
other ultra hard material such as a cubic boron nitride. Fur-
ther, in particular embodiments, the inner rotatable cutting
element may be formed entirely of ultrahard material(s), but
the element may include a plurality of diamond grades used,
for example, to form a gradient structure (with a smooth or
non-smooth transition between the grades). In a particular
embodiment, a first diamond grade having smaller particle
sizes and/or a higher diamond density may be used to form the
upper portion of the inner rotatable cutting element (that
forms the cutting edge when installed on a bit or other tool),
while a second diamond grade having larger particle sizes
and/or a higher metal content may be used to form the lower,
non-cutting portion of the cutting element. Further, it is also
within the scope of the present disclosure that more than two
diamond grades may be used.

As known in the art, thermally stable diamond may be
formed in various manners. A typical polycrystalline dia-
mond layer includes individual diamond “crystals” that are
interconnected. The individual diamond crystals thus form a
lattice structure. A metal catalyst, such as cobalt, may be used
to promote recrystallization of the diamond particles and
formation of the lattice structure. Thus, cobalt particles are
typically found within the interstitial spaces in the diamond
lattice structure. Cobalt has a significantly different coeffi-
cient of thermal expansion as compared to diamond. There-
fore, upon heating of a diamond table, the cobalt and the
diamond lattice will expand at different rates, causing cracks
to form in the lattice structure and resulting in deterioration of
the diamond table.

To obviate this problem, strong acids may be used to
“leach” the cobalt from a polycrystalline diamond lattice
structure (either a thin volume or entire tablet) to at least
reduce the damage experienced from heating diamond-cobalt
composite at different rates upon heating. Examples of
“leaching” processes can be found, for example, in U.S. Pat.
Nos. 4,288,248 and 4,104,344. Briefly, a strong acid, typi-
cally hydrofluoric acid or combinations of several strong
acids may be used to treat the diamond table, removing at
least a portion of the co-catalyst from the PDC composite.
Suitable acids include nitric acid, hydrofluoric acid, hydro-
chloric acid, sulfuric acid, phosphoric acid, or perchloric
acid, or combinations of these acids. In addition, caustics,
such as sodium hydroxide and potassium hydroxide, have
been used to the carbide industry to digest metallic elements
from carbide composites. In addition, other acidic and basic
leaching agents may be used as desired. Those having ordi-
nary skill in the art will appreciate that the molarity of the
leaching agent may be adjusted depending on the time desired
to leach, concerns about hazards, etc.

By leaching out the cobalt, thermally stable polycrystalline
(TSP) diamond may be formed. In certain embodiments, only
a select portion of a diamond composite is leached, in order to
gain thermal stability without losing impact resistance. As
used herein, the term TSP includes both of the above (i.e.,
partially and completely leached) compounds. Interstitial
volumes remaining after leaching may be reduced by either
furthering consolidation or by filling the volume with a sec-
ondary material, such by processes known in the art and
described in U.S. Pat. No. 5,127,923, which is herein incor-
porated by reference in its entirety.

Alternatively, TSP may be formed by forming the diamond
layer in a press using a binder other than cobalt, one such as
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silicon, which has a coefficient of thermal expansion more
similar to that of diamond than cobalt has. During the manu-
facturing process, a large portion, 80 to 100 volume percent,
of the silicon reacts with the diamond lattice to form silicon
carbide which also has a thermal expansion similar to dia-
mond. Upon heating, any remaining silicon, silicon carbide,
and the diamond lattice will expand at more similar rates as
compared to rates of expansion for cobalt and diamond,
resulting in a more thermally stable layer. PDC cutters having
a TSP cutting layer have relatively low wear rates, even as
cutter temperatures reach 1200° C. However, one of ordinary
skill in the art would recognize that a thermally stable dia-
mond layer may be formed by other methods known in the art,
including, for example, by altering processing conditions in
the formation of the diamond layer.

The substrate on which the cutting face is disposed may be
formed of a variety of hard or ultra hard particles. In one
embodiment, the substrate may be formed from a suitable
material such as tungsten carbide, tantalum carbide, or tita-
nium carbide. Additionally, various binding metals may be
included in the substrate, such as cobalt, nickel, iron, metal
alloys, or mixtures thereof. In the substrate, the metal carbide
grains are supported within the metallic binder, such as
cobalt. Additionally, the substrate may be formed of a sintered
tungsten carbide composite structure. It is well known that
various metal carbide compositions and binders may be used,
in addition to tungsten carbide and cobalt. Thus, references to
the use of tungsten carbide and cobalt are for illustrative
purposes only, and no limitation on the type substrate or
binder used is intended. In another embodiment, the substrate
may also be formed from a diamond ultra hard material such
as polycrystalline diamond and thermally stable diamond.
While the illustrated embodiments show the cutting face and
substrate as two distinct pieces, one of skill in the art should
appreciate that it is within the scope of the present disclosure
the cutting face and substrate are integral, identical compo-
sitions. In such an embodiment, it may be preferable to have
a single diamond composite forming the cutting face and
substrate or distinct layers.

The outer sleeve may be formed from a variety of materi-
als. In one embodiment, the outer sleeve may be formed of a
suitable material such as tungsten carbide, tantalum carbide,
ortitanium carbide. Additionally, various binding metals may
be included in the outer support element, such as cobalt,
nickel, iron, metal alloys, or mixtures thereof, such that the
metal carbide grains are supported within the metallic binder.
In a particular embodiment, the outer support element is a
cemented tungsten carbide with a cobalt content ranging from
6 to 13 percent. It is also within the scope of the present
disclosure that the outer sleeve (including a back retention
mechanism) may also include more lubricious materials to
reduce the coefficient of friction. The sleeve may be formed of
such materials in their entirely or have a portions thereof
(such as the inner surface of the upper region) including such
lubricious materials. For example, the sleeve may include
diamond, diamond-like coatings, or other solid film Iubricant.

In other embodiments, the outer sleeve may be formed of
alloy steels, nickel-based alloys, and cobalt-based alloys. One
of ordinary skill in the art would also recognize that cutting
element components may be coated with a hardfacing mate-
rial for increased erosion protection. Such coatings may be
applied by various techniques known in the art such as, for
example, detonation gun (d-gun) and spray-and-fuse tech-
niques.

The cutting elements of the present disclosure may be
incorporated in various types of cutting tools, including for
example, as cutters in fixed cutter bits or as inserts in roller

15

20

35

40

45

50

55

60

65

14

cone bits. Bits having the cutting elements of the present
disclosure may include a single rotatable cutting element with
the remaining cutting elements being conventional cutting
elements, all cutting elements being rotatable, or any combi-
nation therebetween of rotatable and conventional cutting
elements.

In some embodiments, the placement of the cutting ele-
ments on the blade of a fixed cutter bit or cone of a roller cone
bit may be selected such that the rotatable cutting elements
are placed in areas experiencing the greatest wear. For
example, in a particular embodiment, rotatable cutting ele-
ments may be placed on the shoulder or nose area of a fixed
cutter bit. Additionally, one of ordinary skill in the art would
recognize that there exists no limitation on the sizes of the
cutting elements of the present disclosure. For example, in
various embodiments, the cutting elements may be formed in
sizes including, but not limited to, 9 mm, 13 mm, 16 mm, and
19 mm.

Further, one of ordinary skill in the art would also appre-
ciate that any of the design modifications as described above,
including, for example, side rake, back rake, variations in
geometry, surface alteration/etching, seals, bearings, material
compositions, etc, may be included in various combinations
not limited to those described above in the cutting elements of
the present disclosure. In one embodiment, a cutter may have
a side rake ranging from 0 to £45 degrees. In another embodi-
ment, a cutter may have a back rake ranging from about 5 to
35 degrees.

A cutter may be positioned on a blade with a selected back
rake to assist in removing drill cuttings and increasing rate of
penetration. A cutter disposed on a drill bit with side rake may
be forced forward in aradial and tangential direction when the
bit rotates. In some embodiments because the radial direction
may assist the movement of inner rotatable cutting element
relative to outer support element, such rotation may allow
greater drill cuttings removal and provide an improved rate of
penetration. One of ordinary skill in the art will realize that
any back rake and side rake combination may be used with the
cutting elements of the present disclosure to enhance rotat-
ability and/or improve drilling efficiency.

As a cutting element contacts formation, the rotating
motion of the cutting element may be continuous or discon-
tinuous. For example, when the cutting element is mounted
with a determined side rake and/or back rake, the cutting force
may be generally pointed in one direction. Providing a direc-
tional cutting force may allow the cutting element to have a
continuous rotating motion, further enhancing drilling effi-
ciency.

However, according to other embodiments, one or more of
rotatable cutting elements disclosed above can be altered to
be mechanically fixed to the sleeve, thus forming a fixed
cutter. For example, in embodiments modified to be mechani-
cally fixed to a sleeve, the inner surface of the sleeve may have
a surface geometry configured to correspond with and retain
the at least one locking device disposed in the cutting element
such that the cutting element is not free to rotate about its axis.

Advantageously, embodiments of the present disclosure
may allow a rotatable cutting element to be mounted to a drill
bit having conventional cutter pockets formed therein, as well
as provide more convenient processes of removing and
replacing worn rotatable cutting elements. By using locking
devices having adjustable features, the present disclosure
may also provide a way of inserting rotatable cutting elements
into a sleeve without detaching the sleeve from a bit body.
Additionally, the present disclosure may also advantageously
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provide a way of including rotatable cutting elements within
cutter pockets having the same geometry as conventional
cutter pockets.

Rotatable cutting elements may avoid the high tempera-
tures generated by typical fixed cutters. Because the cutting
surface of prior art cutting elements is constantly contacting
formation at a fixed spot, a wear flat can quickly form and thus
induce frictional heat. The heat may build-up and cause fail-
ure of the cutting element due to thermal mis-match between
diamond and catalyst, as discussed above. Embodiments in
accordance with the present invention may avoid this heat
build-up as the edge contacting the formation changes. The
lower temperatures at the edge of the cutting elements may
decrease fracture potential, thereby extending the functional
life of the cutting element. By decreasing the thermal and
mechanical load experienced by the cutting surface of the
cutting element, cutting element life may be increase, thereby
allowing more efficient drilling.

Further, rotation of a rotatable portion of the cutting ele-
ment may allow a cutting surface to cut formation using the
entire outer edge of the cutting surface, rather than the same
section of the outer edge, as provided by the prior art. The
entire edge of the cutting element may contact the formation,
generating more uniform cutting element edge wear, thereby
preventing for formation of a local wear flat area. Because the
edge wear is more uniform, the cutting element may not wear
as quickly, thereby having a longer downhole life, and thus
increasing the overall efficiency of the drilling operation.

Additionally, because the edge of the cutting element con-
tacting the formation changes as the rotatable cutting portion
of the cutting element rotates, the cutting edge may remain
sharp. The sharp cutting edge may increase the rate of pen-
etration while drilling formation, thereby increasing the effi-
ciency of the drilling operation. Further, as the rotatable por-
tion of the cutting element rotates, a hydraulic force may be
applied to the cutting surface to cool and clean the surface of
the cutting element.

While the invention has been described with respect to a
limited number of embodiments, those skilled in the art,
having benefit of this disclosure, will appreciate that other
embodiments can be devised which do not depart from the
scope of the invention as disclosed herein. Accordingly, the
scope of the invention should be limited only by the attached
claims.

What is claimed is:
1. A cutting element, comprising:
a sleeve, comprising:
a first inner diameter; and
a second inner diameter, wherein the second inner diam-
eter is larger than the first inner diameter and located
at a lower axial position than the first inner diameter;
and
a rotatable cutting element having an axis of rotation
extending therethrough, the rotatable cutting element at
least partially disposed within the sleeve, wherein the
rotatable cutting element comprises:
a cutting face and a body extending axially downward
from the cutting face;
at least one hole, which does not extend around the entire
periphery of the rotatable cutting element, extending
from an outer surface of the body toward the axis of
rotation; and
a locking device disposed in each hole;
wherein the locking device protrudes from the hole to
contact the second inner diameter of the sleeve, thereby
retaining the rotatable cutting element within the sleeve.
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2. The cutting element of claim 1, wherein the locking
device comprises at least one spring and at least one ball,
wherein the at least one spring is disposed within the at least
one hole and the at least one ball contacts the second inner
diameter.

3. The cutting element of claim 1, wherein the locking
device comprises at least one spring and at least one pin,
wherein the at least one spring is disposed within the at least
one hole and the at least one pin contacts the second inner
diameter.

4. The cutting element of claim 1, wherein the locking
device comprises a coiled pin or a solid pin.

5. The cutting element of claim 1, wherein the at least one
hole comprises at least one blind hole.

6. The cutting element of claim 1, wherein the at least one
hole comprises at least one through hole having two open-
ings.

7. The cutting element of claim 6, wherein one spring is
disposed in the through hole and two balls are disposed in the
two openings such that the two balls contact the second inner
diameter.

8. The cutting element of claim 6, wherein one spring is
disposed in the through hole and two pins are disposed in the
two openings such that the two pins contact the second inner
diameter.

9. The cutting element of claim 1, wherein a portion of the
body has a smaller radius than the cutting face radius.

10. The cutting element of claim 9, wherein the radius of
the cutting face is equal to the radius of an outer surface of the
sleeve.

11. The cutting element of claim 1, wherein the sleeve is
attached to a drill bit body.

12. The cutting element of claim 1, wherein the rotatable
cutting element is formed of more than one piece.

13. A method of forming a drill bit, comprising:

providing a drill bit comprising:

a bit body;

a plurality of blades extending from the bit body; and

a plurality of cutter pockets disposed in the plurality of
blades;

attaching a sleeve to at least one cutter pocket, the sleeve

comprising:

a first inner diameter; and

a second inner diameter, wherein the second inner diam-
eter is larger than the first inner diameter and is
located at a lower axial position than the first inner
diameter; and

inserting a rotatable cutting element having an axis of

rotation extending therethrough into the sleeve, the

rotatable cutting element comprising:

a cutting face and a body extending axially downward
from the cutting face;

at least one hole, which does not extend around the entire
periphery of the rotatable cutting element, extending
from an outer surface of the body toward the axis of
rotation; and

a locking device disposed in each hole;

wherein the locking device protrudes from the hole to
contact the second inner diameter of the sleeve,
thereby retaining the rotatable cutting element within
the sleeve.

14. The method of claim 13, wherein the sleeve is brazed
into the at least one cutter pocket.

15. The method of claim 13, wherein the sleeve is infil-
trated into the at least one cutter pocket.

16. The method of claim 13, wherein the locking device
comprises at least one spring and at least one ball, wherein the
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at least one spring is disposed within the at least one hole and
the at least one ball contacts the second inner diameter.

17. The method of claim 13, wherein the locking device
comprises at least one spring and at least one pin, wherein the
at least one spring is disposed within the at least one hole and
the at least one pin contacts the second inner diameter.

18. A cutting element, comprising:

a sleeve having a first inner radius at a first end of the sleeve
and a second inner radius at a second end of the sleeve,
the first inner radius being smaller than the second inner
radius, and at least a portion of the sleeve including a
continuously increasing inner radii from the first inner
radius to the second inner radius; and

a rotatable cutting element having an axis of rotation
extending therethrough, the rotatable cutting element at
least partially disposed within the sleeve, the rotatable
cutting element comprising:

a cutting face adjacent the first end of the sleeve, at least
aportion of the rotatable cutting element opposite the
cutting face having an outer radius greater than the
inner radius of the first end of the sleeve.

19. The cutting element of claim 18, wherein the sleeve has
continuously increasing inner radii from the upper region of
the sleeve to the lower region of the sleeve.

20. The cutting element of claim 18, wherein at least a
portion of the sleeve has a constant inner radius value.

21. The cutting element of claim 18, wherein the rotatable
cutting element comprises more than one piece.

22. The cutting element of claim 18, wherein the rotatable
cutting element is formed from a single piece.

23. The cutting element of claim 18, wherein the rotatable
cutting element further comprises a rotatable base having the
outer radius greater than the inner radius of the upper region
of the sleeve.
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24. A cutting element, comprising:
an inner support member having a longitudinal axis
extending therethrough;
at least one hole extending from an outer surface of the
inner support member toward the longitudinal axis;
and
a locking device disposed in each hole; and
arotatable sleeve cutting element rotatably mounted on the
inner support member, the rotatable sleeve cutting ele-
ment comprising:
a cutting face adjacent the uppermost portion of the
rotatable sleeve cutting element; and
a circumferential groove formed within an inner surface
of the rotatable sleeve cutting element;
wherein the at least one hole comprises at least one through
hole having two openings or at least one blind hole, and

wherein the locking device protrudes from the hole to
contact the circumferential groove, thereby retaining the
rotatable sleeve cutting element on the inner support
member.

25. The cutting element of claim 24, wherein the locking
device comprises at least one spring and at least one ball,
wherein the at least one spring is disposed within the at least
one hole and the at least one ball contacts the circumferential
groove.

26. The cutting element of claim 24, wherein the locking
device comprises at least one spring and at least one pin,
wherein the at least one spring is disposed within the at least
one hole and the at least one pin contacts the circumferential
groove.



